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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 

Group Art Unit: 

Yunlong Sun and Edward J. Swenson 

Application No. 
Filed: 

For: LASER SYSTEM FOR FUNCTIONAL 
TRIMMING OF FILMS AND DEVICES 

Date: October 28, 1997 

Examiner: 

PRELIMINARY AMENDMENT 

TO THE ASSISTANT 
COMMISSIONER FOR PATENTS: 

Please amend the above-identified application as follows. 
In the Specification : 

Page 2, line 8, change "resistive" to -resistance--. 

Page 2, line 23, change "resistive" to -resistance--. 

Page 4, line 26, change "germaium" to -germanium-. 

Page 4, line 27, after "either" delete "a". 

In the Claims : 

Amend claim 1 as follows. 

1. (Amended) A laser functional trimming system for modifying 
with laser output a measurable operational parameter of an activated electronic device 
while preventing a spurious optoelectric response in the device, the device including a 
target material and a nontarget material positioned within optical proximity to the 
target material, the laser output including a laser pulse having a spatial distribution of 
energy that impinges the target material and exposes the nontarget material to 
extraneous laser output, the target material having ablation sensitivity to laser output in 
a first wavelength range and the nontarget material having optoelectric sensitivity to 
wavelengths in a second wavelength range that forms a subset of the first wavelength 
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range such that exposure to a wavelength within the second wavelength range causes 
spurious optoelectric effects in the nontarget material that transiently obscure for a time 
interval concurrent with and following the laser pulse a true value of the measurable 
operational parameter of the device, comprising: 

an electrical input for activating the device; 

a laser that generates laser output at a selected wavelength in a third 
wavelength range for which the nontarget material has substantial optoelectric 
insensitivity, the third wavelength range overlapping the first wavelength range and 
excluding the second wavelength range; 

a beam positioner to direct at the target structure a laser pulse at the 
selected wavelength and at a power sufficient to ablate a portion of the target material 
while the device is operating ; and 

a detector for measuring within the time interval a true value of the 
operational parameter of the device while the de vice is operating. 

Add the following claim. 

-12. The system of claim 2 in which the device is activated prior to 
generation of laser output and remains operating until at least the preselected value for 
the operational parameter of the device is satisfied. - 

REMARKS 

Claims 1-12 are in the application. Only claim 1 is in independent 
form. Claim 1 is amended. Claim 12 is added by this amendment. 

Claims 1-11 as filed correspond to claims 11-22 that were cancelled 
from the parent U.S. Patent Application No. 08/538,073 to allow it to issue. For 
convenience, these claims will henceforth be discussed with respect to their current 
numbers. 

Claim 11 was deemed allowable. Claims 1-10 stood 

"rejected under 35 U.S.C. 103(a) as being unpatentable over Lapham 
et al. in view of Dow et al. and Mueller. Lapham et al. in U.S. 
Patent No. 4,399,345 discloses laser trimming a resistor on a silicon 
substrate with a wavelength of 1.34 microns, which Applicant has 
disclosed as being within Applicant's third wavelength range. 
Lapham does not disclose the circuitry for measuring an operational 
parameter of the device, nor a beam positioner. Dow et al. in the 
article 'Reducing Post-Trim Drift of Thin Film Resitors (sic) by 
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Optimizing YAG laser Output Characteristics' teaches using an 
oscilloscope [sic] to measure resistance of a resistor during a 
functional laser trimming process. Mueller in the article 'Functional 
laser trimming of thin film resistors on Silicon ICs' on the first 
paragraph of page 72 teaches an apparatus to scan the beam. It 
would have been obvious to adapt Lapham et al. in view of Dow et 
al., and Mueller to provide this to functionally laser trim a resistor on 
a silicon substrate. Regarding claim 13, using a computer to compare 
resistance readings and control a process is old and well known and 
official notice is taken of the same. It would have been obvious to 
adapt Lapham et al. in view of Dow et al. to provide this to computer 
control the process, permitting software adjustments to the process." 

For the Examiner's convenience, applicants now respond to this rejection as follows. 

Applicants have amended claim 1 to clarify that the device is adapted 
to be operating during laser impingement and during measurement. 

Dow et al. disclose that "[t]he temporal laser pulse shape was 

determined by sampling the laser beam with an HP 5082-4220 PIN photo diode and 

recording individual laser pulses on a Tektronix 466 storage oscilloscope." Dow et al. 

also disclose that "[i]t has been shown in several studies [10], [11] that long-term drift 

as in (2) is identical with or without the cleaning as long as time zero is defined to be 

immediately after lasing." Applicants note that the oscilloscope and photo diode are 

mentioned only with respect to determining the shape of the temporal laser pulse. The 

drift is measured only after lasing. Dow et al. do not disclose a laser system that trims 

after the resistors have been placed within and form part of more complex devices, nor 

do Dow et al. mention whether such devices would be operable during both laser 

impingement and measurement and still provide true values. 

In the fifth paragraph of page 72, Muller discloses that: 

"there are significant advantages if the measurement 
system can acquire data between the laser pulses, 
typically 0.3 to 1.0 milliseconds. Since the laser 
pulse is only about 50 nanoseconds wide at 2kHz, 
the laser is on only 0.01 percent of the time. By 
making high speed measurements the positioning 
system can move continuously along a trim path 
without the many start/stop command sequences that 
must alternate with measurement commands." 
(Emphasis added.) 
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Thus, Muller postulates that it would be desirable to move the beam positioner 
continuously if the measurement system is quick enough to acquire (and provide) data 
between laser pulses. Muller does not disclose a laser system that can provide real- 
time accurate device data instantaneously or continuously, irrespective of the timing of 
the laser pulses , such as during or immediately subsequent to the laser pulses. 

Lapham is not directed to a functional laser trimming and measurement system 
capable of continuous accurate measurement of device parameters. Applicants request, 
therefore, that this rejection be withdrawn. 

Applicants believe that the application is in condition for allowance and 
respectfully request the same. 

Respectfully submitted, 



Yunlong Sun and Edward J, Swenson 




Michael L. Levine 
Registration No. 33,947 



STOEL RIVES LLP 

900 SW Fifth Avenue, Suite 2300 

Portland, Oregon 97204-1268 

Telephone: (503) 224-3380 

Facsimile: (503) 220-2480 
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10 

LASER SYSTEM FOR FUNCTIONAL TRIMMING 
OF FILMS AND DEVICES 

15 

This is a continuation of U.S. Patent 
Application No. 08/538,073, filed October 2, 1995, which 
is continuation-in-part of U.S. Patent Application No. 
08/343,779, filed November 22, 1994, now U.S. Patent No. 
20 5,569,3 98, which is a continuation-in-part of 

International Patent Application No. PCT/US93/08484 , filed 
September 10, 1993. 

Technical Field 

The present invention relates to methods and 
25 laser systems for functionally processing one or more 
materials of a single or multiple layer structure of a 
multimaterial, multilayer device and, in particular, to 
processing methods and laser systems that employ a laser 
output within a wavelength range that facilitates 
30 functional modification of a resistive or capacitive film 
structure of an integrated circuit having substrates or 
components including material such as silicon, germanium, 
or other semiconductor materials . 

Background of the Invention 
3 5 Conventional laser systems are typically 

employed for processing targets such as electrically 
resistive or conductive films of passive component 
structures, such as film resistors, inductors, or 
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capacitors, in integrated circuits on silicon wafers or 
ceramic base plates. Laser processing is presented herein 
only by way of example to film trimming and may include 
any form of laser ablative removal of target material. 
5 Fig. 1 is a plan view of a portion of a prior 

art integrated circuit 10 depicting resistors 12a and 12b 
(generally, resistor 12) having a patterned resistor path 
14 between metal contacts 16. The resistive value of a 
resistor 12 is largely a function of the pattern geometry, 

10 the path length between contacts 16, and the thickness of 
material composing resistor 12. 

An "L-cut" 15 on resistor 12a depicts a typical 
laser-induced modification. In an L-cut 15, a first strip 
of resistive material is removed in a direction 

is perpendicular to a line between the contacts to make a 
coarse adjustment to the resistance value. Then an 
adjoining second strip, perpendicular to the first strip, 
may be removed to make a finer adjustment to the 
resistance value. A "serpentine cut" 17 on resistor 12b 

20 depicts another common type or laser adjustment. In a 
serpentine cut 17, resistor material is removed along 
lines 18 to increase the length of path 14. Lines 18 are 
added until a desired resistive value is reached. 

Fig. 2 is a cross-sectional side elevation view 

25 depicting a conventional output energy distribution of a 
laser output or pulse 20 directed at a resistive film 
structure 22 such as resistor 12. With reference to Figs. 
1 and 2, resistive film structures 22 typically comprise a 
thin film layer 24 of a resistive material such as 

30 nichrome, tantalum nitride, cesium silicide, or silicon 
chromide that is layered upon a substrate 2 6 such as 
silicon, germanium, or other semiconductor or ceramic 
materials. Alternatively, thin film layer 24 may be 
applied to an epitaxial, junction, or passivation layer 

35 28. Thin film layer 24 may be covered by a protective 

layer 30, such as a dielectric, which may be necessitated 
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by an IC processing requirement or may be desired for 
containing laser trimming by-products or slag from 
splattering other integrated circuit elements. Integrated 
circuit 10 and resistive film structure 22 may also be 
5 composed of several materials including those required for 
passivation, coating, binding, or other manufacturing 
purposes . 

Skilled persons will appreciate that if the film 
is a conductive film and part of an electrode of a 

10 capacitor component, the effective area of the film can be 
adjusted by punching holes in or trimming the film to 
reduce the capacitance of the film until it reaches a 
predetermined capacitance value. 

In "passive processing, " the process of 

is modifying resistive or conductive films to provide circuit 
elements having predetermined capacitive or resistance 
values is based upon directly measuring the value of the 
elements without powering-up or operating the whole 
circuit. This process involves measuring the circuit 

20 element during or following each trimming operation and 
ceasing when the predetermined value is obtained. 

However, measurement access to individual 
components is becoming limited as the complexity of 
electronic circuitry and devices increases and their sizes 

25 decrease. The term "device" is used herein to refer to an 
electronic component, a circuit, a collection of circuits, 
or entire contents of an electronic chip or die. Even 
when certain individual passive components can be 
accessed, measured, and adjusted to their predetermined 

30 values, the whole device or circuit may not perform within 
specified operational parameters. Under such 
circumstances, functional laser processing may be a more 
desirable option. 
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In "functional processing", the whole circuit or 
device is activated to its normal operating condition, and 
then its performance is evaluated by using relevant input 
signal generating equipment and~ output measurement 
5 equipment such as a voltmeter. Then, the structures of 

one or several components, such as resistors, capacitors, 
or inductors , of the device are adjusted by the laser to 
"tune" the performance of the device. Evaluation of the 
device function and adjustment of the device components 

10 are repeated incrementally until the device performs to 
specification. For example, functionally processing a 
voltage regulator entails applying normal power supply 
voltage (s) to the voltage regulator, measuring its output 
voltage with a voltmeter between one or a series of laser 

is pulses, and sending the output voltage value to a system 
computer. The computer compares the output value of the 
device to a pre -set value, determines whether additional 
adjustments are necessary, and controls laser operation 
until the device achieves operation within predetermined 

20 operational tolerances . 

Functional processing is widely employed for 
trimming A/D and D/A converters, voltage regulators, 
operational amplifiers , filter circuits , photodetection 
circuits , and other circuits or devices . These devices 

25 are typically built on semiconductor material, such as 

silicon or germaium, or as hybrid integrated circuits in 
which the laser target is on either a semiconductor or 
ceramic wafers, and are densely packed with other 
semiconductor-based active (gain -oriented) devices or 

3 0 multimodule circuits . Functional processing is described 
in detail by R.H. Wagner, "Functional Laser Trimming: An 
Ove rvi e w , " Proceedings of SPIE , Vo 1 . 611, Jan . 19 86, at 
12-13, and M.J. Mueller and W. Mickanin, "Functional Laser 



PDX4-73459.1 26860-0033 



5 



Trimming of Thin Film Resistors on Silicon ICs," 
Proceedings of SPIE , Vol. 611, Jan. 1986, at 70-83. 
Examples of passive and functional processing laser 
systems include Model Nos . 4200, 4400, and 6100, 
5 manufactured by Electro Scientific Industries, Inc., which 
is the assignee of the present application. These systems 
typically utilize output wavelengths of 1.064 /xm, 1.047 
fim, and 0 . 532 /zm. 

Because functional processing considers whole 

10 device performance instead of the value of a particular 
component, functional processing with conventional laser 
outputs such as 1.064 /xm, 1.047 jxm, or their harmonics 
presents a problem that is generally not relevant during 
passive processing. These conventional laser wavelengths 

is tend to cause optoelectric responses in the semiconductor 
material that affect the device and often result in 
performance drift or complete malfunction of the device. 
Extraneous scattered laser light may impinge on adjacent 
active devices (such as P-N junctions or field effect 

20 transistors (FETs) or any semiconductor material-based 

structures) and affect their performance due to excitation 
of carriers in the structure, resulting in performance 
drift or malfunction of the device during functional 
trimming. The scattered light induced performance 

25 drifting or malfunctions occur even for devices having 
targets on ceramic substrates whenever the adjacent 
circuits are semiconductor material-based. The mechanism 
and extent of performance drift or malfunction depends 
greatly on the specific design of the device. Additional 

30 carrier excitement within the semiconductor substrate or 
semiconductor material-based device may, therefore, be a 
major contributor to these performance drifts or 
malfunctions. While these optoelectric responses may 
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occur during passive trimming, these responses do not 
generally affect the value of the target component. 

Thus, functional laser processing with these 
wavelengths is usually extremely slow because extra time 
5 is required to let the device recover from drifting or 
malfunction before a measurement of the device will 
indicate "true" performance of the device. This is also 
true for integrated circuit (IC) or hybrid integrated 
circuit (HIC) devices having photo-receptive or light - 

10 sensing portions or photo-electronic components such as 
photodiode or charge -coupled device (CCD) arrays. 

Fig. 3 is an oscilloscope trace 34 showing 
performance drifting of an output voltage 3 6 of a typical 
activated voltage regulator device undergoing conventional 

is laser functional processing with laser output pulses of 
1.047 /xm at 2.01 kHz. With reference to Fig. 3, voltage 
output 3 6 of the device dramatically dips momentarily by 
about 0.5 volt after a laser pulse impinges one of its 
target structures. Then, a 0 * 5-millisecond interval is 

20 required for the device to recover from the output voltage 
dip before a meaningful measurement can be accomplished. 
This recovery period is often referred to as "settling 
time." Skilled persons will appreciate that the settling 
time interval will vary as a function of most device 

25 variables, such as circuit type, layout, structure, and 
composition and type of output measured. 

Special system software must be developed to 
enable the entire system to wait for a sufficient time 
interval after each laser pulse or series of pulses for 

30 the performance shifting to dissipate, and then initiate 

the performance measurement of the device. Based upon the 
measurement results, the computer control system then 
determines whether an additional laser pulse or pulses 
should be fired on the target component . In certain 
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cases, the entire device may be "latched up" in response 
to a laser pulse. Under these circumstances, the software 
must disconnect the input power from the device so that it 
is totally off, wait for a certain time interval, and turn 
5 the power on again to return the device to normal 
operation. 

Summary of the Invention 
An object of the present invention is, 
therefore, to provide a laser system and method that 
10 facilitate functional processing of active or passive 
devices . 

Another object of the invention is to provide a 
method for modifying with laser output a measurable 
operational parameter of an activated electronic device 

is while preventing a spurious optoelectric response in the 
device, the device including a target material and a 
nontarget material positioned within optical proximity to 
the target material, the laser output including a laser 
pulse having a spatial distribution of energy that 

20 impinges the target material and exposes the nontarget 

material to extraneous laser output , the target material 
having ablation sensitivity to laser output in a first 
wavelength range and the nontarget material having 
optoelectric sensitivity to wavelengths in a second 

2 5 wavelength range that forms a subset of the first 

wavelength range such that exposure to a wavelength within 
the second wavelength range causes spurious optoelectric 
effects in the nontarget material that transiently obscure 
for a time interval concurrent with and following the 

30 laser pulse a true value of the measurable operational 
parameter of the device, wherein 

a third wavelength range of laser output is 
determined for which the nontarget material has 
substantial optoelectric insensitivity , the third 
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wavelength range excluding the second wavelength range; 
the device is activated; a laser pulse is generated at a 
selected wavelength that falls within an overlap of the 
first and third wavelength ranges; the target material is 
5 impinged with the laser pulse having sufficient power to 
ablate a portion of the target material; and a true value 
of the operational parameter of the device is measured 
within the time interval. 

The invention, therefore, provides a laser 

10 system and method that reduce or negate settling time 
during functional processing and thereby significantly 
increase product throughput . 

For example, laser-processing an active device 
with laser output having a wavelength greater than 1.2 /Am 

is to functionally trim a target material with a silicon 
substrate or a position near a silicon-based structure 
forming part of the active device substantially eliminates 
the undesirable laser- induced performance shift or 
malfunction of the devices because silicon material and 

20 silicon-based structures and photo-receptive, light - 

sensing, and photo-electronic components are virtually 
"blind" to wavelengths greater than 1.2 /Am. 

Skilled persons will appreciate that the 
optoelectric sensitivity exhibited by such devices to 

25 laser output may stem from either a reaction to exposure 
of a particular material, itself, or a reaction to 
exposure of a structure due to its design as well as 
material composition. Such a structure may contain both 
target and nontarget materials, and the nontarget material 

30 may even overlay the target material. Accordingly, the 

term "target structure" is used herein to include at least 
one target material and the term "nontarget structure" is 
used herein to include at least one nontarget material . 
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The present invention also facilitates laser 
functional trimming of target materials or structures 
positioned on semiconductor materials, or resistors and/or 
capacitors on ceramic substrates that may have nearby 
5 semiconductor material -based active circuitry or photo- 
receptive, light-sensing, or photo-electronic components 
forming part of a device. The invention will permit 
circuit design restrictions to be eased, especially the 
heretofor required minimum spacing between components, and 

10 will allow for greater circuit compaction. 

Existing film processing laser systems can be 
relatively inexpensive to modify to process silicon-based 
devices at an output in the 1.2 to 3.0 /zm wavelength 
range. Similar modifications to generate laser outputs at 

is wavelengths greater than 1.8 for processing indium 

gallium arsenide-based devices can be easily implemented. 
Laser devices that produce laser output within this 
wavelength range can be adapted for film processing, 
although they are conventionally employed in fiber optic 

20 communications, medical applications, military range 
finding, and atmospheric pollution monitoring. 

Additional objects and advantages of the 
invention will be apparent from the following detailed 
description of preferred embodiments thereof, which 

25 proceeds with reference to the accompanying drawings. 

Brief Description of the Drawings 
Fig. 1 is a plan view of a portion of an 
integrated circuit depicting resistors having a resistive 
film path between metal contacts. 

30 Fig. 2 is a fragmentary cross-sectional side 

view of a conventional semiconductor film structure 
receiving a laser pulse characterized by a particular 
energy distribution. 
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Fig. 3 is an oscilloscope trace showing 
momentary dips in the output voltage of a voltage 
regulator device undergoing prior art functional laser 
processing . 

5 Fig. 4 shows typical responsivity curves of 

silicon and indium gallium arsenide-based detectors versus 
wavelength. 

Fig. 5 shows typical responsivity curves of a 
variety of semiconductor material-based detectors versus 
10 wavelength . 

Fig. 6 shows typical responsivity curves of 
germanium-based detectors versus wavelength . 

Fig. 7 shows graphical representations of the 
optical absorption properties of four different metals 
is versus wavelength. 

Fig. 8 is a plan view of a pictorial diagram of 
a preferred embodiment of a laser system for employing the 
present invention . 

Fig. 9 is an oscilloscope trace showing the 
20 constant output voltage of a voltage regulator device 
undergoing functional laser processing of the present 
invention. 

Detailed Description of Preferred Embodiments 
Figs. 4-6 graphically show the typical response 

25 curves of silicon-based, indium gallium arsenide-based, 
germanium-based, and other semiconductor material-based 
detectors versus wavelength. Fig. 4 is taken from page 3- 
39 of Oriel Corporation's catalog. Fig. 4 reveals that 
the silicon-based detector is optoelectrically sensitive 

30 to a wavelength range of about 0.3 fim to about 1.2 [im. 

Since the physics involved in the spectral response of the 
detector is the same as the response to light at different 
wavelengths of other silicon-based activated devices, 
Fig. 4 implies that silicon-based activated devices become 
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"blind," i.e., optoelectrically insensitive, at 
wavelengths greater than about 1.2 /zm. For the indium 
gallium arsenide-based device demonstrated in Fig. 4, the 
cutoff wavelength for optoelectric sensitivity is about 
5 1.8 fim. Skilled persons will appreciate that the response 
curve of indium gallium arsenide is largely dependent on 
its composite percentage. 

Figs . 5 and 6 are taken from pages 1 and 2 of EG 
& G Optoelectronics' "Infrared Detectors" catalog, 1994. 

10 Figs. 5 and 6 reveal that for germanium-based detectors, 
the cutoff wavelength for optoelectric sensitivity is 
about 1.7 /Am . 

Fig. 7 graphically shows the optical absorptance ; 
properties of different metals such as aluminum, nickel, 

is tungsten, and platinum that may be used as film layers 24. 
Fig. 7 is a compilation of the relevant portions of 
absorptance graphs found in "Handbook of Laser Science and 
Technology, " Volume IV Optical Materials: Part 2 : Marvin 
J. Weber (CRC Press, 1986) . Fig. 7 shows that metals, 

20 such as aluminum, nickel, tungsten, and platinum, absorb 
laser wavelengths ranging from below 0.1 to 3.0 /zm, with 
aluminum absorptance being lower than that of the other 
metals. Metal nitrides (e.g., titanium nitride) and other 
high-conductivity, metal-like materials used to form film 

25 layers 24 generally have similar optical absorption 

characteristics. However, the absorption coefficients for 
such materials are not as readily available as are those 
for metals . 

The graphs in Figs. 4-7 reveal a wavelength 
3 0 range 4 0 ranging between about 1.2 to about 3 /im in which 
silicon semiconductor substrates , semiconductor-based 
devices, and other nontarget materials are almost blind 
and in which the optical absorption behavior of a variety 
of film and other target materials, especially metals, is 
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sufficient for them to be processed. Skilled persons will 
also be able to identify preferred wavelength ranges for 
other semiconductor materials-based devices, such as 
about 1.7 to 3 /im for germanium-based devices, depending 
5 on similar considerations. 

While laser beams of shorter wavelengths within 
the 1 . 2 to 3 /xm wavelength range can be focused to smaller 
diameters to obtain narrower trims in film layers 24 along 
paths 14, wavelengths such as 1.32 /xm and 1.34 /xm are 

10 sufficiently long to eliminate light -induced performance 

drifting or malfunctions of silicon-based devices, and are 
preferred for most functional processing operations. The 
choice of 1.32 /xm or 1.34 /xm is also somewhat predicated 
on laser source availability and other complexities 

is familiar to those skilled in the art. 

In a preferred embodiment, a conventional diode- 
pumped, solid-state laser with a lasant crystal such as 
Nd : YAG , NdrYLF, ND : YAP , or Nd : YV0 4 is configured to produce 
output in the 1.2 to 3.0 /xm wavelength range. Each such 

20 laser design employs resonator mirrors with appropriate 
dichroic coatings to be highly transmissive to the most 
conventional wavelength of the lasant crystal but have 
desired reflectivity at a selected wavelength within the 
range 1 . 2 to 3 /xm and preferably at 1.32 /xm or 1.34 /xm. 

25 Such dichroic coatings would suppress laser action at the 
most conventional wavelength of the lasant crystal, such 
as 1.06 /xm for Nd : YAG , and enhance laser action at the 
selected wavelength, preferably 1.32 /xm for Nd : YAG . 

In another preferred embodiment, a diode-pumped 

30 or arc lamp-pumped solid-state laser having a lasant 

crystal of YAG doped with other dopants such as holmium 
(laser output at 2.1 /xm) or erbium (2.94 /xm) , or codoped 
with chromium, thalium, and holmium (2.1 /xm) , could be 
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employed to deliver laser output within the 1.2 to 3 /xm 
wave 1 engt h range . 

In still another preferred embodiment, nonlinear 
conversion schemes such as Raman shifting or optical 
5 parametric oscillation could be adapted to convert 
conventional laser wavelengths of about 1 fim into 
wavelengths in a range of 1.2 to 3 /xm. 

Preferably, all of the transmissive optics in a 
delivery path of the laser output beam are anti-reflection 

10 coated for the selected wavelength. In addition, photo- 
electric-based laser power or energy monitoring devices 
are changed to be responsive to the selected longer 
wavelength. Other minor optical modifications to 
compensate for changes in laser output focusing 

is characteristics are preferred and known to those having 
skill in the art. 

One skilled in the art will also recognize that 
pumping schemes, such as higher output power diode lasers 
or arc lamp-pumping, may be employed to compensate for the 

20 lower gain for lasant crystals such as NdrYAG or Nd : YLF at 
1.2 to 3 /xm wavelengths. For example, with reference to 
an embodiment of a laser system 50 shown in Fig. 8, the 
output (preferably 3 watts or greater) of a high-power 
AlGaAs laser 52 may be funneled along optic axis 54 

25 through a nonimaging concentrator 56 composed of a high- 
refractive index, crystalline dielectric material and then 
coupled into an Nd:YLF lasant crystal 58. This method is 
disclosed in U.S. Patent No. 5,323,414 of Baird, DeFreez, 
and Sun for "Laser System and Method for Employing a 

30 Nonimaging Concentrator, " which is assigned to the 
assignee of the present application. 

Preferably, laser 52 is positioned against a 
heat sink 60 and is powered by a diode laser power supply 
62 that is controlled by a processing unit 64. Processing 
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unit 64 is also connected to an impedance-matched RF 
amplifier 66 and controls signals delivered to a 
transducer coupled to a Q-switch 68. Q-switch 68 is 
preferably positioned between lasant crystal 58 and an 
5 output coupler 70 within a resonator cavity 72. A beam 
positioning and focusing system 74 may be employed to 
direct laser output to a desired position on film 
structure 22 or other target material. Pumping, 
Q-switching, targeting, and beam positioning of laser 

10 system 5 0 of the preferred embodiments are accomplished 
through conventional techniques well-known to persons 
skilled in the art. 

An input mirror coating 76 on lasant crystal 5 8 
and an output mirror coating 78 on output coupler 70 are 

is preferably highly transmissive at the conventional 1.047 
/xm YLF emission wavelength. In addition, input mirror 
coating 76 is transmissive to the AlGaAs emission 
wavelength range and reflective at about 1.32 /xm, and 
coating 78 is partly transmissive at 1.32 fim to permit 

20 laser operation. 

Skilled persons will appreciate that the above- 
described laser systems can also be employed at 
wavelengths longer than 1.2 /xm to process or trim thin 
film structures, such as resistors, capacitors, inductors, 

25 microwave stubs, or other components, in activated 

integrated circuit devices to desired performance or 
functional parameters . Laser output in the 1,2 to 3 /im 
range, for example, can effectively trim resistor 
material, such as nickel chromide, tantalum nitride, 

30 cesium silicide, disilicide, polycide, and other commonly 
used film materials, but does not substantially stimulate 
undesirable electron-hole pairs and photocurrents in any 
type of silicon semiconductor material-based structures 
that might be affected by conventional laser wavelengths. 
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As a consequence, virtually no device settling time is 
required between laser trims and the functional 
measurements of the active devices, so the functional 
measurements can be achieved almost concurrently. 
5 Skilled persons will also appreciate that the 

preferred wavelengths are generally invisible to any 
adjacent active devices and would excite fewer electron- 
hole pair carriers to affect the performance of adjacent 
devices, so device design restrictions could be eased and 
10 circuit compaction could be increased to provide smaller 
devices or circuits both for integrated circuits, or 
hybrid integrated circuits. 

Fig. 9 is an oscilloscope trace 8 0 showing an 
output voltage 82 of a typical voltage regulator device 
is undergoing laser functional processing in accordance with 
the present invention. With reference to Fig. 4, laser 
output pulses at the wavelength of 1.32 fim at 2.01 kHz 
were directed at a resistor of an activated voltage 
regulator (identical to the voltage regulator discussed 
20 with respect to Fig. 3) . The straight line of 

oscilloscope trace 8 0 depicting the output voltage 82 of 
the voltage regulator shows no momentary dips in output 
voltage. Accordingly, measurements can be made 
immediately after laser impingement, or at any time before 
25 or after laser impingement to obtain a true measurement 
value of the output voltage. Moreover, laser output 
pulses can be applied at shorter intervals, i.e., at a 
higher repetition rate, because no recovery time is 
required before measurements can be obtained. Thus, much 
30 higher processing throughput can be realized. 

Another example of functional processing in 
accordance with the present invention includes laser 
trimming of a frequency band-pass filter to within its 
frequency response specification. The filter is 
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activated, a frequency scanner generates input signals for 
the filter at different frequencies, and the output signal 
of the filter is measured by a voltmeter to determine the 
filter's frequency response. A laser output pulse 
5 impinges a component of the filter, and a central 
processing unit determines whether an additional 
impingement is required based on the measurement of the 
output signal. A third example employs the present 
invention to trim a resistor of an activated A/D or D/A 

10 converter to achieve output with specified conversion 

accuracy. Skilled persons will appreciate the numerous 
applications of functional processing where elimination of 
device settling time would be advantageous. 

It will be obvious to those having skill in the 

is art that many changes may be made to the details of the 
above -described embodiments of this invention without 
departing from the underlying principles thereof. 
Accordingly, it will be appreciated that this invention is 
also applicable to laser-based operations for other 

20 semiconductor substrate and film materials, as well as 

laser-based operations outside the semiconductor industry, 
for removal of one or more materials from a multimaterial 
device without causing performance drifting or malfunction 
. of certain types of active devices. The scope of the 

25 present invention should, therefore, be determined only by 
the following claims. 
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Claims 

1. A laser functional trimming system for 
modifying with laser output a measurable operational 
parameter of an activated electronic device while 
5 preventing a spurious optoelectric response in the device, 
the device including a target material and a nontarget 
material positioned within optical proximity to the target 
material, the laser output including a laser pulse having 
a spatial distribution of energy that impinges the target 

10 material and exposes the nontarget material to extraneous 
laser output , the target material having ablation 
sensitivity to laser output in a first wavelength range 
and the nontarget material having optoelectric sensitivity 
to wavelengths in a second wavelength range that forms a 

is subset of the first wavelength range such that exposure to 
a wavelength within the second wavelength range causes 
spurious optoelectric effects in the nontarget material 
that transiently obscure for a time interval concurrent 
with and following the laser pulse a true value of the 

20 measurable operational parameter of the device, 
comprising: 

an electrical input for activating the device; 

a laser that generates laser output at a 
selected wavelength in a third wavelength range for which 
25 the nontarget material has substantial optoelectric 

insensitivity, the third wavelength range overlapping the 
first wavelength range and excluding the second wavelength 
range ; 

a beam positioner to direct at the target 
30 structure a laser pulse at the selected wavelength and at 
a power sufficient to ablate a portion of the target 
material ; and 
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a detector for measuring within the time 
interval a true value of the operational parameter of the 
device . 

2. The laser system of claim 1 further 
comprising : 

a computer controlled system for comparing the 
true value of the measurable operational parameter with a 
preselected value for the operational parameter of the 
device and for 

determining whether the target material requires 
additional impinging with laser output to satisfy the 
preselected value for the operational parameter of the 
device . 

3 . The system of claim 1 in which the target 
material forms part of a target structure and the 
nontarget material comprises a substrate of the target 
structure, wherein the nontarget material comprises 
silicon, germanium, or indium gallium arsenide, or 
semiconductor or ceramic material and the target material 
comprises aluminum, titanium, nickel, copper, tungsten, 
platinum, gold, nickel chromide, tantalum nitride, 
titanium nitride, cesium silicide, doped polysilicon, 
disilicide, or polycide. 

4. The system of claim 1 in which the target 
material forms part of a resistor, capacitor, or inductor. 

5 . The system of claim 1 in which the nontarget 
material comprises a portion of an adjacent electronic 
structure . 

6. The system of claim 5 in which the adjacent 
electronic structure comprises a semiconductor material - 
based substrate or a ceramic substrate . 

7 . The system of claim 1 in which the target 
material or nontarget material comprises a portion of a 
photo-electric sensing component. 
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8. The system of claim 1 in which the detector 
obtains a true value of the operational parameter of the 
device immediately after pulse impingement of the target 
material without a delay imposed by device settling time, 
5 9. The system of claim 1 in which the detector 

obtains a true value of the operational parameter of the 
device substantially instantaneously subsequent to laser 
pulse impingement of the target material. 

10. The system of claim 1 in which the 
10 nontarget material comprises silicon and the third 

wavelength range comprises wavelengths between 1.2 and 
3 /xm. 

11. The system of claim 1 in which the 
nontarget material comprises germanium and the third 

15 wavelength range comprises wavelengths between 1.7 and 
3 /xm. 
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LASER SYSTEM AND METHOD FOR FUNCTIONAL TRIMMING 
OF FILMS AND DEVICES 

Abstract of the Disclosure 
5 A laser system (50) and processing method 

exploit a wavelength range (40) in which devices, 
including any semiconductor material -based devices (10) 
affected by conventional laser wavelengths and devices 
having light-sensitive or photo-electronic portions 

10 integrated into their circuits, can be effectively 

functionally trimmed without inducing performance drift or 
malfunctions in the processed devices. True measurement 
values of operational parameters of the devices can, 
therefore, be obtained without delay for device recovery, 

is i.e., can be obtained substantially instantaneously with 
laser impingement. Accordingly, the present invention 
allows faster functional laser processing, eases geometric 
restrictions on circuit design, and facilitates production 
of denser and smaller devices. 

20 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

As a below-named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next 
to my name. 

I believe I am the original, first, and sole inventor (if only one name is 
listed below) or an original, first, and joint inventor (if plural names are listed below) 
of the subject matter which is claimed and for which a patent is sought on the 
invention entitled LASER SYSTEM FOR FUNCTIONAL TRIMMING OF FILMS 
AND DEVICES, the specification of which 

[X] is attached hereto. 

[ ] was filed on as United States Patent Application No. 

or PCT International Application No. and was amended 

on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above 

identified specification, including the claims, as amended by any amendment referred 

to above. 

I acknowledge the duty to disclose information that is material to 
patentability as defined in Title 37, Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code 
§ 119(a)-(d) of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's 
certificate having a filing date before that of the application on which priority is 
claimed. 

NONE 

I hereby claim the benefit under Title 35, United States Code, § 119(e) of 
any United States provisional applications(s) listed below: 

NONE 
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I hereby claim the benefit under Title 35, United States Code, § 120 of any 
United States application^) listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the prior United States application in 
the manner provided by the first paragraph of Title 35, United States Code § 112, I 
acknowledge the duty to disclose information that is material to patentability as defined 
in Title 37, Code of Federal Regulations, § 1.56 that became available between the 
filing date of the prior application and the national or PCT international filing date of 
this application. 

PCT/US93/Q8484 09/10/93 Lapsed 

(Application No.) (Filing Date) (Status-patented, 

pending, abandoned) 

08/343.779 11/22/94 Patented 

(Application No.) (Filing Date) (Status-patented, 

pending, abandoned) 

08/538.073 10/02/95 Pending 

(Application No.) (Filing Date) (Status— patented, 

pending, abandoned) 

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this 
application, to file any corresponding international application(s), and to transact all 
business in the Patent and Trademark Office connected therewith: 



Name Reg. No. 

Paul S. Angello 30,991 

Kassim M. Ferris 39,974 

Michael L. Levine 33,947 

Richard B. Preiss 36,640 

Michael O. Scheinberg 36,919 

James L. Wolfe 33,623 



Direct all telephone calls to Michael L. Levine at telephone number 

(503) 224-3380. 

Address all correspondence to: 

STOEL RIVES LLP 

900 SW Fifth Avenue, Suite 2300 

Portland, Oregon 97204-1268 
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I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 
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